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1. History and Regulation of the 
Telephone Industry 

"Mr. Wats'on, come here, 1 want you." "With these historic words Alexander 
Graham Bell called to his assistant Thomas Augustus Watson over the so-called pp 
"telephone," and an industry was born. 

i 
i 

The place! 5 Exeter Place, Boston, Massachusetts 
The time: jevening, March 10, 1876 

As with all inventions, the road had not been smooth. For years, Graham Bell (as 

he liked to be called) had been experimenting with a harmonic telegraph. It • — — • 

should be possible, he reasoned, to send six tones over the same wire at the same 

time and cause six reeds attached to the receiving end to be operated, p« 1 

Furthermore, if all worked well, varied combinations of these six pitches could p— 

reproduce human speech* 1 1 TT1 

Simultaneously he was working on : a scheme that utilized the varying resistance 

o 

of awire. A diaphragm, wMcliw<)uld be . 1 

attached to a wire that was dipped into amixture of acid and water, In theory, as 1 * ■ ' . 

the diaphragm moved downward, forcing more, wire Mo, the add, the resistance: 1 

of the wire would be decreased- As the diaphragm mo ved upward, the wire would i • 1 - : *;■:!■.■:•*- 

be withdrawn from the conducting liquid, and its resistance would be increased. ^ : ' ' - 

It was thfedevice that was ultimately successful and that 'formed the basis for the: ' : : . \k- 
telephone industry for many years, j - - ' -i" 1 ; - ^ - - T ^ 

A year latery on July 9 ? 1877, the Bell Telephone, Company was formed, and A }v,;- j,,. . - 00 J iilv 
Alexander Graham Bell became the company* s electrician, at a salary oi' $3,000, ; " i 
and Watson became superintendent in charge of research and manufacturing. «: :*c v ' ^ - *i $ . u 
Unfortunately for Bell, the basic patents were due to nxnjout in 1893 and 1894- !i n-*' 
But by this time,. Theodore Newton Vail had been brought in as general manager, 1 ■ ■ 1 m 1 - ■ 
and he immediately set about establishing an organization strong enough to . . j ! . : 
survive without a monopoly. lh What we wanted to do was| get possessioi t of the w " . 
field in such a way that, patent or no patent, we could control it," Vail s-aid. The " • ". - 
first step 'was to obtain a captive manufacturing facility, and this was 
accomplished in 1881 with the purchase of Western Electric Company, 

1 1 
Vail also isent his salesmen into the field to set up telephone exchanges in virgin 
territory; Generally, local promoters were encouraged tol organize a local 
telephone company and sell stock. Thus, by 1885 Vail ha ; d established £ . vertically 
integratejd supply division, a network of companies licensed by the part tnt, and a 
strong research and development arm. The expiration oij Bell's basic pa tents in 
1893 and 1894 was the starting signal for open competition. Independent 
telephone operating companies sprang up throughout the country; by the turn of 
the century there were approximately 6,000 of them, and these 6,000 provided 
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service to some 600,000 subscribers. Through the years, mergers and 
acquisitions took their toll; at the present time there are approximately 3^,300 
local exchange carriers. 

Unfortunately for the general public, all of these telephoned were not 
interconnected. Therefore, it was necessary for a subscriber to have two or three 
instruments to communicate with the total population of thecity. However, the 
great asset of AT&T, which became the official name of the company at 1 Jie end of 
1899, was the control of all the long-distance circuits and its steadfast ntfusal to 
interconnect any other company to it.. 

■This would never do, and the Justice Department filed suit in 1912- The world 
was angry with AT&T, and an AT&T vice president— Nathan C. Hngsbu ry— 
realized iti. He recognized that the best demonstration.of AT&T not being in a 
monopoly position was to. point to thousands of independents apparently 
operating in harmony. To this end, AT&T agreed to provide interconnection 
arrangements to all independents. This 1913 agreement was henceforth called the 
Kingsbury Commitment. 

By 1934 telecommunications had become So important to the country tjliat 
; Congress r passed a Communications! Act and, simultaneously, created; 
' .Communications QommissionXFCQ^Tbe.s^on^ 
; . to be, most important has. to dorwith wl?at iVe now call ^umyfersal service! 
•'Tor.the purpose of regulating interstate and foreign conferee -in 
■ s communication by : xyire and radio so :as.toi make, ayailable, ! so far as posf 
thejpeoplie of the 'KnitedStates a -rapidj;effident, nationvyild^j 
and radio communication service with adequate facilities at reasonable 
:;j : v !-.!.. .v v,,;.|: ^4 fdc -.'f- " " " 

< As a.result.of thisprindple, a support stxucture has beenjestab^ished wp 
: ; -certain groups of subscribers :(e.g., long-distance . users, business subsr 
\ subscribers in locations- where telephone service can be ^relvided with 
• , eask.etcJ) will pSa^mo.rethan true costs; and other group^ of subscnbeis 


ie Federal 
turned out , 
It said: . 

jible, to all, 
d worldwide wire 1 ■ 
charges. 11 ! 

w.? ■ " 

taereby "> V 
subscribers,. . 


itriie 


subscribers in rural and -other high-cost locations) will pay less than 

- ■ i i ;. . 1 • •■ - Iri- \ ■ • 

In 1949 the Justice Department again filed suit against AJ^T, daiminji 
Western Electric chargeci inordinately high prices from tihe^r customer*! 
operating telephone companies owned by AT&T), thins njiddng|it pdssi]: 
operating telephdhe conlipanies to charge their subscribeijs|inappropriately 
rates, This suit dragged on, and a consent decree was reached in 1956. j 
WestfernjElectric need npt be divested from AT&T, the B : dl|System woi 
. only in telecommunications business, and nonexclusive licenses \yOjulc 
granted to any applicant on fair terms. This was : the final judgment. Tl\ 
breakup iof the BeU System in 1984 was accomplished throftghja modification 
this final! judgment, henfce the modification of final judgment QMFJ) 
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Although &e Bell Systemjappeared to be the winner in this 'p5$ suit, o\p the 
next two decades itj would lose battles, one at a . time. There was the Hush-A- 
Phone casfe in 1955; the Carterfone case in 1968; MCI's "above ^90" case in 1959, 
and the M|ci case dealing with a long-distance route from Chicago to St. Louis in 
1969. In Novembei[ 3 1974, the Justice Department once again filled suit to break 
up the Bell System. 1 The case trudged on until 1978, when Jjjdgd Harold " 
took over.iHe moved thirigs quickly, and on January 4, 1982, a tjerse 
announcement was issueci by the Justice Department ;and AjT&flf saying 


® 008 


Greene 

<:hat 
>ke; 


■i 1 


» I Ml'. 

. . i -. • 1" 


1 . 


negotiations had been reopened. Then, on January 8, 1982^ the jnews ht 
AT&T had agreed io break up its $136.8 billion empire- It Was agreed that AT&T 
would divest theloical parts of the Bell operating tdephonejcompaiiies. It would 
keep its manufacturing facilities and its long-distance network. iTh^ agreement 
would take effect qn January 1, 1984- ! j . 1 j 

The 22 regional Bell operating companies (RBOCs) agreed t!o form [7 regional 
holding companies (Bell Atlantic, NWEX, BellSouth, Ameritech, U S "VtEST, 
Pacific Telesis, and Southwestern Bell). The agreement also) said that th|e Bell 
operating' companies woul d not be allowed to manuf acturejnor jwofcld ti ley be 
allowed to get in tlie long-distance business within their territories^ AT&T would 
not be allowed to get in the loc^-exch^ebusifi^ndr to acquire -the $ tock or 
assets of any RBOC. ' j ' , ■ T' ' V # " ' 1 

That remained the state of affairs until the passhgfc of the X»6 
Teleconimunicaticin^ Act:This Act thretomb&x^ ia 1984 out 

------ ----- - -' ii There hive beeri 

ption?" ; 
(Answer: yeS:) 

• SHould-the RBOCibe allowed to get in the long-<3istariCe bilsintts^C^welr: yes, 
o:Kiti- rtnlv nfrWr Tiac^'ria n'iW-TiniTif rhAcklifit.1 WKat did "expanded uiirv 


the\viridriw and left the'implemeintatidn ofithe 1 Actfto,th6 F| 
<■ ; problems: ever sincfe. What di&thei Congress; mt&n by; "pfo&btejcompi 
■ y] < -Should AT&T -be allowed to get in thfelocal^^clia^e^usini^ 


-but only affer ■p^Hng-al^-point checklist) What did "esqparided ujiiveif sal; , 
ll -skviceKifr^^ beallowedto merge? (Ansyen yes: Itell; 

; Ai^antfc'tias merged' with im^;'Southw^'etn Bell [SBG; jhaS merged wil 
■ Pacific TeTeste' and Is pi aiming to merge ^th ^eritech. ^H;Atlanticii tends to 
merge with GTE. if -all of these are ultimately approved, therejvWll remain four 
RBOCs). To date, many questions remain, and there is no insurance th;it they will 
; be answered in the foreseeable future. 


2. Network 

If there -were only three or four telephones in ;a locale, it vjolihld (make 
connect each phone toj all other phones and find a simple n 
desired'o'ne. HoweverJ if there are three or four thousand ^ 
a method is out of the Question. Then it is appropriate to co nnect ( 
some centrally located office and perform switching thereij|pfthis svp 
be a simple manual operation using plugs and sockets or ~ 
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electromechanical devices or with electronics. In any case, 
solution is 1 the one that has been chosen by the telecommuni 

As we connect each of these thousands of telephones to the central offic % we have 
what is a sjtar configuration; all lines are paiiticular to one arijd only one ^ tation, 
and ail terminate on the nucleus of this star^-the CO. 


These connections are called the local exchange plant, and 
company handling this function is called the local exchange; 
connections themselves Are often called the "local loop;" at 
to them as "the last mile/* In more technical terms, the 
customer's premises is called the distribution plant and that 
CO, the febder plant (see ^Figure i). j 


the telephony 
.carrier (LEC1). The 
qther times ' ve refer 
closest tc the 


section 


Figure i. Particular Names Are Applied to the Various Parts of 
the PSTN; End Offices Are Class-5 Offices; Toll Tandem offices 
Are Generally Class-4 Offices. . . j } 



J 




as will be mjuch that follows. Although 


(Note: Tiiis is certainly a] generalization, ,_ . 

the feede[ plant usually consists of one cr more cables leadi|ng to some 
demarcation [a terminaljbox or an enclosure] after Which 


Sit* 

twta* 


iti 


going in many smaller cables to the customer premises [the 


of demarcation. 


there are jcases where there is no need fo r a point 
we call t^e plant? We will not struggle with such semantic 

But* what jif a'partdcular telephone call is not originated 
particular CQ's gepgraphic coverage? How do we get to an 
state; or even another country? ! 


andJt 
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The answer, of course, is to connect these COs to a higher-echelon CO (see Figure 
2). We apply numbers to these levels of offices; the local office, also| called the end 
office; iscalled a dass-5 office. The office to which it connects is called tie Class- 
4 office. The top level, thd Class-a office, appears in only aie^r places in 1 hie 
country. .Hea^e nolle that [the only office that has people as its subscribers is the 
dass-5 pffice,,The other offices in this hierarchy have lowerjlevel dOs as iljieir 
subscribers. Those lines connecting switching offices to switching cjffic&;, gather 
than to subscribers, are called trunks. 


" 1 lj ie 


Figjure 

Foi;m Consists of 


' 1 

I ' 

Hierarchy of Switching Systems in ills Most 


Five Classes of Offices 



Basic; 


This jsecti^bn of the 
Class-5 offices 


is 


!' Ton *i 


OassS. 

I- 


telephohe irfrastnicture— the section leamrig upward from the 
handled not by the LECs but by the intkrexchange capers 
(iXCs), tirfe long-'distance carriers- This entire structure hasjjbeen tijUedl lie 
"Herarchy of switching systems-" The total network is called Hie public switched 
telephone networ^CPSTN). | j( \ j | 

In days ol old there was i)nly one 1 ong-distance earner— AT&tL He ice, j uar r time a 
telephon^ number was dialed with an area code up-frontj tijje fijkc jknew that it 
' must be Handed off to AT&T. But then came MCI, SprintJ arid ftunarejd* of other 
long-distance carriers. What was an LEC to- do with a particular longndi stance 
call? jTo whom shoulfi it be handed off? This was and is a tejehnicall chal .ejnge. In 
political tferms, it was called "equal access," jwhich means thkt a requesting long- 
distance carrier could require that the LEC examine the riuitibjeir and han'd off the 
: call to the proper long-distance carrier. This handoff was fromjlthe CO cf [t le LEC 
' to thje point of presence (PoP) of the IXC, This PoP could bsiri;abi!iildiiig 
' adjacent to the telco'fc CO, or it could be in some convenientj site in trie suburbs 
where it could serve several of the telco's COs. The pure ljierarchy of switching 


i l 
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systems wjas becoming somewhat corrupted; new hierarchies in ! the long- 
part of the network jwere being applied on top of the old one-j 

Although it is not pertinent to the topology of this network, il; should bje 
recognized that the ( 
copper-pair carrier 
and certainly fiber. 


■distance 


I 


interconnections betweeh these various COs can bp l:wisted 
systems utilizing copper [pairs (e.g v Ti), microwave, satellites, 


one 


! ! ! | it 

However, ,this hierarchical network is not thp only network in tljie teleph 

system of today. There are many others including the following: j 

■ • local-area network (LAN) is a limited-distanced^^ 

'defined siet of terminals- It could connect workstations in an office, 
offices iri a building, or buildings on a campus, jj ; 

i | j » j !* , i 

. • ! A wide-area network (WAN) links metropolitan or; local networks, 
iusually over common carrier facilities. : i :* ; 

! : I . ; j i j . 

■ • jThe intelligent network is a concept that centralizes a signifies int 
1 , j amount of intelligence rather tha£ installing this intelligence in 

: (individual COs. For instance, how does a particular CO know which 
, , ilong-dist!ance carrier is to receive ia particular call^ ;. ' ; 

i . ! . i • v j' . ' i :: . : I 

; • |The synchronous optical network; (SONET) is apatfccularset of 

I , ! standards that allows the interworking of products from different 

[ , . i vendors.jlt usually. embodies a fibgr-optic. ring thajt will permit! 

i transmission, in both directions- >: . 



i i 
I; 
j . 


I . * ■ . i ' ' - ! . |.*.\ ' * il * I 

:The Internet is really, quite'different from the network we ha\e!been 
\ • describing. It is a packet network|(rather than a circuit-switched 
I network), but, .as has beeii 'discu'ssed^'it is an overjjay network.. | 

• t | ihe cominon channel signaling network is esp^cially impoi^tant; it 
' works closely with the PSTN* Weialso apply the t^miout^fAdnd 
.signaling In the original P'STN, Signaling (e.g., call setup) an d| talking 

' i utilized tlhe same common trunk from the originating switchi ng system 
' to the terminating switching system. This process jseized the irunks in 

. ■ all of the switching systems involved. Hence, if thp tejmnnatiiLg end was 
[ busy, alljof the. trunks werej set ui* unnecessarily, In the mid-i gj70s,,the 
.;' common channel signaling network was estabUstJpd;jjit util^iSjthe 

. • protocolj called* signaling s^ 6113 7 (SS7). With this system, a talking 
! path, was not assigned until all signaling had bejeri satisfactorily 

/ . completed This network, incidentally, was and is j a placket network 
rather than a circuit-switched network. 
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been describing utilizes a star configuration. 'Howeycr; this is 
not the only configuration being applied in today's telecommpnicatioris world. 
The cable-televisioii (CATV) companies, for instance, use a tijee-arid-brarfch 
technology. In this 'case, the head end (equivalent to the CO) receives ! j 
programming frornj satellites and sends all signals downstream, out ori t trunk. 
At variousj points along tlie way, branches extend outward^ t6ward;vanoas 
neighborhoods. These branches are split several more times before the cobdal 
.cable (theimedia ofjchoice in past CATV systems) reaches the customer 1 !; j 
premises, frequently the|signals must be amplified along thk way, and t leref ore 
power must be sent along with the TV signal. In any case, because the intent of 
the CATV (system is broadcast— that is, send the signal to everyone— thei-ei is no 
need to send an individual and distinct wire to each and every subscriber; as was 
the case ^th the telephone system. | ; j . 

However, jthis methodology has proven to tie disadvantageous to the GAljv 
companies, because it is extremely difficult to send signals upstream. 01' course, 
in a telephone system, signals (voices) must be sent in both directions^ CATV 
companies are spending billions of dollars to upgrade their systems not oply by 
utilizing fiber instead of the coax but by adding electronics to themany nodes : 
that permit both upstream and downstream transmission: 1 ' : | ■ j 


3. Switching Technology 

The PjSTN we have been describing has a star configuration, [ !Local loops (usually : ! . . 
1 one per subscriber) terminate ina CO; This'CO completes connections i rpm one . i • • - 
local lpopj to another local loop, Or ftom- one^local loop to a trunk that jte rminates \ *. ! 


on some other CO. 


technological chan ges (see Table i) 


i Table 1. Types of End -Office Switching and Their Evolution 


Switching 
System! 


1878: tnamml 

operator; 


1892! step-by-step 


1918 cross-bar 


I96b : ESS— first 
generation 


1972 s ESS— second 
generation j ' 


1976 ESS— third 
generation 
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fundamental 


Operation 


manual 


electromechanical 

! i 


electromechanical 


semielectronic 


semielectronic 

1 

I- 


electronic 


Method of 
Switching 


space/analog 


space/analog 


space/analog 


space/analog 


space/analog 


time/digital 


Type of Control 


human 


distributed stage-by- 
stagfe ! ! 


conJmon control 


bonjmoia control 

j |_ 


stored program 
courol 


stored 
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X-bar switch 


reed switch 


reed switch 


pulse code 
j modulation 
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The manual system required, of course, constant attention from operators (see 
Figure 3). lln the late 1800s, telephone calls were connected manually jat the CO. 
^yhen a call came in, an attendant would plug into a horizontal bar line. He then 
would yelllto the operator who handled the customer being cjallejd, jahdfJiat 
second operator wouldjconnect to the bar and finish setting up the; call, ^ATien the 
calll was completed, another operator would yell to all in the room that the line 
was clear digain. The stepAby-step system, which is still in operation in-ir any parts 
of the coiuntry, utilized what is known as the Strowger switch. The intelligence in 
the system was locatediiri relays mounted on each switch. Tlie switch its elf 
responded to the dial pulses of the rotary dial. 

ill ■ . 

! Figure 3. A Depiction of an Early CO 



^he crossbar system wasjistill electromechanical in nature, tout the.ini iligence of 
the syst^i was separated from the actual switch. Thus, this 'commonjeocitrol 
cbuld be ljised repeatedly to set up and tear down calls andnever sit idle* 


When electronics came along, the electromechanical control of the common 
control fe^stem was reflated with electronics, and the net^rk^br imatrix, was 
usually replaced with thny glass-encapsulated reed swftc^esJHenqe, only.a part of 
the switjclf was electronic; In the next generation, the stored! prp;gram[Joi»eration of 
a! digital; computer was| applied to the switch, although the network r?m sdned a 
pWplei <j)f reed switches;. In the final generation, called a digitjal switj<fh, the. 
jtalkingpatti* vasno longer an electrically continuous circuitfrather the speech 
ydng-ramtediwas digitized into a stream of "is" and n os." N^c^t^tpisjfinal 
generation deipicted a Significant change from the previous generations in that : 
there Was no longer ari electrical talking path through th^ s^ch. We p™- 
fact, opiating in a digital (rather than analog) domain. : ( ; 
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However, Whether the system was analog or [digital, one thing must be 
rdcognized: there was an actual talking path— a circuit— from the calling party to 
the called party* This talking path was established at the beginning of a call and. 
held for the duration of aicalL We call it circuit switching. This system is not 
actually efficient. When l'am talking, you are listening, and the circuit is being 
used in only one direction— that is, 50 percent. When you are talking and I am 
listening, ,it is still 50 percent. When neitherjof us is talking, or when there is 
silence between words, the efficiency is o percent 

* I j ( ; 

There is] however, a different kind of connection, and we see it today in 1 number 
of applications: 


• I credit-card v 


l 


erification 


automated teller machine 
SS7 

• Internet and! the World Wide Web 
1 • > . * ■ , ■ t' 

This system is called packet switching (as opposed to drcuit 'Switching). In a 
p^ket-^Witchihg system, the, information being transmittedj Cbe it data or 
digitized voice) is not sjent in real time over .a dedicated circuit; rather it is Sjtored 
] faji k nearby computer until a sufficiently sized* packet is bn hand | jjhen' a very 
smart computer seizes a channel heading in the general directibnlof the . | 
dfestinataon, ahd that p acker of data is. transmitted at very high speeds. 1 'hen the . 
■ cfianhelj is released. So , except for some-necessaiy supervisory in^nnat ion 
(destination, error checking codes^ etc.) the channel is 100 percent efficient. 
When the distant statiorigets that message no more than; a few iifflliseconds later, 
it responds with the necessary handshaking.information— again,' by accmnijilating 


channel!. Again, 100 percent efficient. 


a| packet: of data, seizing a channel, and bursting the information 1 m ; ovijt that 


, As mentioned tearlier, the packet networks in the world (actuallyi overlap 
to the P&TN) are being used extensively for data; only recenldy ar i\\re seeing 
. them teing used for voice.' As systems are perfected, this also will chang e. 


I 


£1 


4- Transmission Media 

1 I . 'ii: ' i ' I 1 i i i' 

j There w& fourj types of media that can be used in transmitting information m the 

tdeconiSaunications Wodd: ! 


r nitworks 


11 


copper wire 


M ' coaxial cable (Actually ari adaptation of copper wire) : 


• . ! ii 
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wireless 
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In days of old, copper wife was the only means of transmitting infbrmati on. 
Technically known as unshielded twisted pair (UTP), this consisted of a large 
number Jqtf pairs of coppei wire of varying size in a cable. The cable!: did rot have a 
shield! anji therefore the Signal— primarily the high-frequency pad : of the signal}— 
was atile! to leak out, Alsosjthe twisting on the copper pair was verycasus 1, ; 
designed; las much to identify which wires belonged to a pair as to handle: j 
transmission problems . ]|owever, this is the way it was done, andlfor vo .ce 
communications it was quite satisfactory. Consequently, there arej millic ns of : 
miles of copper in the PSTN— miles that must be used. j 

Not only idid the copper qable itself have limitations, but things wisire done to this 
cable to make it even moije unsuitable for high-speed data transmission. These 
actions primarily took two forms: ; 

:. ■ f i : |. 

• loading— Load coils were frequently added to loops longer tlian : 
18,000 feet- Thjese load coils were essentially low-pass filters. That is, 

' they passed without attenuation all voice frequencies but effe< lively ' 
- / blocked frequencies above the voicebarid This is disastrous for data j 

!' communications, which depend on high frequencies to pchie\e the 

" desired speed of transmission." 


!• bridge taps-~A bridge tap is aijuyunterminated portion of a loop not 
ir^ thie direct talking path. Abri^etap^maybea wedca^leipair 
: conjnected at an intermediate point or an eixtension beypnd th e 
. v ' • customer* For jexample, a drop wire that provided a secpnd line to a t 
homle is left in place even after the second set of customer pre mises j 
eqtlipment (CBE) is removed. Records of this were not 'always kept and 
i :" assigning a particular coppfer pair to a high-speed data Jircuit is far j 
j from a sure thing. Bridge taps do hasty things to data teansmi ssion. | 

\ r \\ ' : : " 1: . . • ! 

Coaxial cable bonsists of k single strand ofjcopper running down tihe axi; of the 
cable*' This strand is separated from the outer shielding by an insulator made cjf 
foam br otheij dielectricsj |a conductive shield covers the cable. Usually <in outer 
insulating cover is applied to the overall cable— this has nothing tji do with the| 
carrying jcaparity of the cable. Because of tjhe instruction of the sable/ obviously 
coaxial in nature, very high frequencies can be carried without leaking cut. In 
fact, dozens o|f TV channels, each 6 MHz viide, can be carried on al single cable, 

ile— or coax— can support a lremendous|bandvridth has 


The' fact that a coaxial ca 
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not jbeen! lost bh the CATY folk. A leader of the CATV industry sai|i,|son:e years 
ago; "jWe'ihavi more bandwidth by accident than the telephone people -have on 
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purposk'- Indeed, that is correct; piggybacking a telephone channel on a coax 
cable isi.no challenge at alL 

; : 1 1 

Fiber is/the third transmission media, and it is unquestionably the trans mission 
medium of choice. Whereas transmission over copper utilizes frequency in the 
megahertz range j transmission over fiber utilizes frequencies a million times 
higher.iThis isj another w^y of saying that the predominant difference be tween 
electromagnetic waves and light waves is the frequency. This difference, in turn, 
permits transmission spejeds of immense magnitudes. Transmission speejis of as 
high as|;9.9 Gt>ps have become commonplace in the industry today. At tliis speed, 


the entire fifteen-volume 
well under onk second- 


set of Encyclopedia Britannica can be transmilted in 


Layingjiiber, on a per-mile basis, still costs somewhat more than laying ;6pper. 
However, on a per-drcui' -'basis there is no contest; fiber wins hands do^m. 
However, if a local loop is being laid to a residence, there is little justific ation to 
installing fiberpthere will never be a need for more than one or two or t hpee 
circuits. This realization has led to a transition in our thinking. Shortly Jitter the 
commercialization of fiber, we talked about fiber-to-the-horae (FTTH), ttj was 
then relalized i£at there was little need to install fiber for a fina l several hundred * 
.yards, so the industry shifed away from fiber-to-the-curb £FTTC)> In such ja 
system! fiber would carryjia plurality of channels to the "curb," whereupoiji they 
would be broken down aiid applied to the copper drop leading to t he ho me. In 
many cases even this wasJoverkfll, andfiber-to-the-neighborhood (rm^) is now 
being used. Th!e message is clear: apply fiber when it is economical to do so, and 
otherwise region copper. 


One final approach is beipg used in many areas, -and it often proves workable. 
This is:a;comtination of ;iber and coax or, as it is known,. hybrid fiber/coax 
(HFC) J 1 As welljiave seen, boax has a greater bandwidth than copjper but ;i smaller 
one than fiber J Also, in* some 60 percent of the homes in the United Sta1 es, coax 
in the form of jDATV goes.to the home; tying fiber to coax for the filial se vjeral 
hundred yar<& makes technological sense. 


lillise 1 
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Fiber dbines itaseveral forms; the two predominant ones are multimode and 
single-mode (see Figure As can be seen, the total strand diameter Fo r both is 
about 12k microns (a micron is a millionth of a meter). -However, the ullxapune 
glass t^at forms the corejtransmission medium is between 50 and 62.5 :nicrons 
for theijmultiiiaLode fiber and about 8 to iio microns for the singlem6de;fibbr. One 
would j&iink tWftt the mul timode fib er would have a greater carrying cap kbity; 
however!, justj the opposil ib is true. With! single-mo de fiber, only one ray br mc de 
can trtwel downithfe strand, and this makes for a simpler job in regenenjting the 
signal ^points along thdspan. In fact, Isingle-mode fiber] makes up the hnajoiity 
of today^is long-distance network. 
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The tremendous; capacity 
commutations; however 
greater viiilnerability. Mok 
.result of physical 


take several forms 
cellular, personal 
described in xpcjre detail 
the need! for a 1 ~" " 
transmission |cah take 


< i 


of fiber certainly makes for moije efficient 
, placing so much traffic on a single strand mikes for 
of the disruptions in the long-distancle network ar^ a 
interruption of a fiber run. It is called backhoe fade. 
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Wkelesslconibi^icatiorife is the find; option as .a transmission m!edium.This fan. 

microwave, synchronous satellites, low-earttt L o'rbitj 5 ateUites,, 
commi|nications sendee (PCS), etc. Some of tHjese wjl)| be ; | 
ater. In every ciase, however,* a^Hreless isystem obviates 
complex Wired infrastructure. In the case ojf synchronous sat ell tes, 
place across oceans or deserts . Witjh microwav^t riere is no. 
h^dtdiplantlcdble, and in mountainoils territoiie^ this' is a signifecanj] advantage;- 
telMartodPC$ : 
each 


5. Transmission Technology 

j : iJ 1:1 


I 


Most: tiarisimssion— at least most transmission in the local exchange;pfl;int— is 
analQgjiiji naturel That is : j the signal being transmitted varies contmuously, botl 
in frequejicy.ihjd in amplitude. A high-pitched voice mostly'coritains; Mjsfi j j 
'frequencies; a low-pitched voice contains low frequencies. Aloujei voice contains a 
highTaj^litudd signal; a; soft voice contairis a low-amplitude signal. | ' , • j 

In tilte i|6iig-d ^ance hetJ rork, and more] and more in the lopaJ e^chani *e 'plants j 
digitly :r &nsmission is : being used A digital signal is compnsedjqf a stream of is 
and os that portray the s nalog voice signal by means of ajcjde. , jj j j* '■ 

Analbglsighalsi can be coj nbined (i.e., multiplexed) by combining tHem ! ^vith a| 
" A ™ L "'4equenc^. When; there is more than one channel, ithis is, failed ft^quency t 
[[multiplexing (F !>M). FDM was used extensively in! the past but how has 


camert 
divisio 
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generaljjjbeen replaced 
(troM)Jljhe most popular TDM system is 
analog vcjice channel is sampled 8,000 th 


ith the digital equivalent: time division multip.exing 

known as tier 1 (Ti). In a Ti system, an 


times per second, and each samf le is 



Figure 5, Pulse Code Modulation! (PCM)' Sampling, Quantizing, 
and Encoding Process: In This Example, a 3-Bit Encoding 
Scheme Is Used for Quantizing the Total Amplitude 
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,3uch a digital transmission scheme (and certainly thereare modificatio as of it 
that improve efficiency, capacity, or quality, etc!) works hand in glbvejwith the 
digital^sjivitchiiig schemes we talked about previously. Those is and os need nc 
be traikmttted' through an actual circuit in that iswitch; rather, one can 1 1 amply 
tu!rn on arid off the vario'us electronic devices that make up that switch- 

IThus a 
iijgital 
jacket 


talking #lath (i.e.,|p switched [circuit) in the PSTN ean be eitherjaialog or 

transmitted over a 


al or a cqmbinationjhereof. In fact, a digital signal can be tfl 
„-et^sj^tched networK.as easily ak a circuit-switched nkwor& JNowl 
nsideij the next step, we see that cligitped voice is not Very &fferentp om 
J if data can be transmitted over a packet network, then so can digteireld 

j, of icbursej, lis now kijown as voilce over the Internet. IjThe challei^e^ of < 

islto g4t|bhe trans mitted|igna! to thp destination fast enojugh. After aH, tliis njay 
well be : a time-sensitive yoice conversation. A second challenge is to get each ' 
packet^ which is ia small piece of a voice conversation, to tlhe destination in the 


U we 

data, 
voice, 
course, 
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proper order. Progress is being made, and we can well believe that packet 
switching will pl&y an important role in the PSTN of tomorrow. 


6. Broadband Access 


Transmission in 
digital iri; nature, 


string 


the telecommunications 

, and the transmission 

however] does no more than imply a 
networkJ! But how are these is and os to 
travel? Vpiat route should they take? 
taken many fornjis and have made for thf 
teleconimunicatio ns business 

hJs never [been a scarcity of coding 


networks of today is, more anc. more, 
medium of choice is fiber. "Digitd," 


There] 


Morse code, going to the Baudot code, > 

■ — -L " * ' ■ - * " — — 1 T 


providing for better transmission and 
discuss t!he most popular and important 


SONET 


and Service 


of is and os racing through the 
be arranged? At what speed are they to 
Answers to questiods such as thesit have 
e most complicated aspect of ths 


schemes in the industry. Starting with 
then the ASCII code, we have seen each ' 
higher quality. In this section we will 


three codes. 


SONET is a standard for optical telecommunications transport. The SQSTJT 
standard is expected to provide the transport infrastructure for wortdwi de 
telecommunications for at least the next- two or three decades. It define!! a 
technology for carrying many signals of [different capacities through a 
synchronous optical hierarchy. The standard specifies, a tjjyte-interleaye I 
multiplexing sclieme. The synchronous Optical hierarchy mentioned is iihown in 

Tabled j 

t I* 

table 2. SONET Hierarchy 


Signal 


00^48 


oc H3 


oc-k 


Bit Rate 


9953.280 Mbps 


2488-32 Mbps 


622.080 Mbps 


155.520 Mbps 


51.840 Mbps 


OC^iopticalicarrier 
The DS-l channel can carry twenty-four voice circuits, each called a DS-o 


Capacity 


5376DS-IS 


1344 DS-is 


336 DS-is 


84 DS-is 


28 DS-is 


The SOljfEr standards govern not only rates, but also intj ;rfa 
formats! multiplexing methods; and oplsrations, administration",, maintenance, 


SONET 


and provisioning COAM&P) for high-speed transmission. 


ace parame:ers; 


We most oftel hear df 


rings in which fiber strands are strung around a metropolitan 2 rea in a 
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ring 
either 
immei 
healing. 


ATM 


configuration. The system is designed so that transmission can take place in 
■ direction;! should there be a fault at any one location, transmission will 
diately take place in the opposite direction. That is, the system is s<ilf- 


I 

Asynchronous transfer mode (ATM) is a high-performance switching and 
multiplexing technology that utilizes fix^d-length packetsjto carry different types 
of traffic! Inf obnation is formatted into fixed-length cells consisting of 4 8 bytes' 
(8 bits per byte) iof payload and 5 bytes of cell header. Th€| fixed cell size 
guarantees thatitime-critical information (e.g., voice or video) is not adv ersely 
affected by long !data frames or packets. Of course, if the ctells were longer in 
•length trie sy&tim would be more efficient, because the hekder would take up a 
smaller percentage of the total cell. 

I :l 

Multiple; streams of traffic can be multiplexed on each physical facility and can be 
managed so ds to send the streams to many different destinations. This enables 
cost savings through a reduction in the number of interfaces and facilities 
required to construct a network. 


ADSL 


Asymmetric 

a sophisjtl 
copper pairs 
Speeds of this 
easily handle 


mobile lelep! 
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digital subscriber line (ADSL) is, essentially|a modem that ernploj's 
catedjcoding scheme. This coding scheme permits transmission over . 
ktitates as High as 6 Mbps tor distances of 9 ; 000 to 12,000 fept 
magnitude bring to mind television signals 


evision movie. 


ADSL succeed [because it takes advantage of the fact that most of its ta :ge!t 
applications 
perfectly wel 
asymmetric 


(video-on-demand, home shopping, Interne! access, etc.) lunctioi} 


vtith a relatively low upstream data rate — I ence the word 
LECs are now using ADSL as an access technology for the .r 
television businesses and for Internet access. 


hone service 1 (IMTS), was out into service in 
quite unsophisticated— but then there was no solid state 


With 



7. Wireless 

The first con m ;rcially available radio ixid telephone sys em, known a? improved 


ii tall transmitter tower was erected near the 
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; a 6-Mbps channel can 


1946. This system was 
dectronics avtdlable, 


1 1 


center of a metropolitan 


area. Several assigned channels were trjansmit ted and re :eived fromtliB antenna 
atop this tower * 1 ' A ' u-". * kl 


Any vehicle within range could attempt to seize one of those 

I 
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and 3o;tnplete a call. Unfortunately, the number bf channels m;i<le 
didjnojt come even close to satisfying the need. To make mattes worse, 
* ' : ea grew, more po\|er was applied to the transmitt er or 
; made greater, anjd still more erstwhile subscrib.&'s were 
unable to get! dial tone. 


The soluponitpltiiis problem was cellular radio. Metropolitan areas weWidivided 
into cells of no more than a few miles inljdiameter, each cell operating jcjrija setjof 
frequencies (iekd and receive) that differed from the frequencies of thfe idjacent 


cells. Because tjsje power of the transmitter in a particular cell was kepjtj?£(t a leve 
just high; enoiiigh to serve that cell, thesejjsame sets of frequencies coihcl] oje used at 
several ;pj [aces within the metropolitan area. Beginning in 1983, twjo c6|ripanies ; 
one called a Wireline company and the of her called a nonwireline carri&'jj were 
given a ! firanchise to operate in each major territory- j "j; 

Two diai acteiiistics of cellular systems \ijere important to their usejfulness. First 
the systems ooritrolled handofL As subscribers drove out of one cell aria 'into * 
another/ltheii 1 automobile radios, in conjunction with sophisticated elejccronic 



txansfenjedfpm one frequency set to anjother with no audible pause. Second, 
systems yrere aljso designed to locate particular subscribers by paging phem in 


each ofithe ce 


located!, the-eatiipment assigned sets of frequencies to it, and convjersa 
begin(s ( ^ei%u7|e6). j i„ " 


j ; 1 
I , 1 * 


$s\ When the vehicle in which a paged subscriber wais ri< 


J 


ij! 
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Figure 
Gdmrti 


6. In a Cellular System, 
jnications Take Place Usijng 
Communications between t 
Conventional Techniques 


i ij 


X/ehicle-to-Cell-Site 

FDMA, TDM A, CDMA, GSM, 
the Cell Site and the MTSO 


r 



The inidal [transmission technology used between the vehicle and ttie 


anaiog jin iiaturji It is known as advanced mobile phone service (A^FS:|The 
analog,;s^enJejUsed was called frequency division multiple access|(FD&EA) 


ceffl site was 


But thejage of digital transmission was upon us, ,and many companies operating 
in this arena 1 Concluded that a digital transmission scheme would be preferred. 
The rei[lt;Wds'tiine division multiple actefcs CEtiMA). In Europe, the|se ected 
scheme: was ian Adaptation of the TDMA used in the United States]' and it was 
called gmixpk special mobile. Since then, tjhe name has been changed tc global 
system ^r. mofcjile rammunications (GSM); |j j :.' 


tiat walrlot enough, a third group of tompanies determined)! 


As if tlmt^sjri|ot enough, a third group 
spread-sjpectrum or frequency-hopping' 


sdheme would be even bettjerL' -a tad this 


speqa 


! 1 1 

Web ProForum Tutorials 
http;//ww^.iee.oVgj : 


Copyright © 
The International Engineering Consortium 


also wriMfev^ciped and trialed. This is called code divisioii multiple access 
(CDM^liThiisp jthere are at least four sdiemes that may be used for |.| " j 
communicatiDns between a vehicle andithte cell site. Communicatibns b^tween 
the cdij,&te!ki|a|the MTSO utilized more conventional teclaniques, -siidias j; . 
microwave,; cbpper pairs, or fiber optics! !l ' 1.1 ■. . 
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The continuing growth of cellular communications (there are presently; i bout; 
20,oooiirW Subscribers signing on eachjriay), led government andjjjfodjwsjtry in the 
United sf atek W jsearch for additional waiys 'to satisfy the obvious reeled n pt only 
for ordiniaW |ta : ephone service but also for special services and features, smaller 
telephones, jamdl bellular phone use. This Isearch led to the PCS industiy. ' _ ■ 
Additional fire quiency bands were allocated jfortheir use, and rather [th^r! assign 
them td!|Ke fi'rstjcomers or by way of a lottery, the FCC auctioned them-i m 


@023 


through 
dollars J 


II 


l:i ! 


se^hijsticated bidding contest that brought the U.S. treasuryjfcillions 6f 


ss 

Irevolve 


GeosynicAro'niiis satellites represent yet janbther way of providing wirejlo 
commiinacayiirjs. These satellites, locatejd 22,300 miles above the part}! I- - 
aroundjitlhe ^attii once each twenty-four : hours— the same as the earth faielf 
ConseqiuWlyltiiey appear to be stationary- Communications between tvjco places* 
^ „.j J_^_i„_ *u J-™* * ^-^^iteedfor 

, ; , _ . „ , pjllentfcr 

the trlujtemissioii of data, but they leave something to be desired fctrj voi< je 
(^mmu^catitns. This is a result of the yast distance and the time itr taki jjs for an 
eiectridal signaljjto make an earth-satellite-earth round trip. Thattjtae|ajnounts|to. 
one quarter < ' 

of a secondly , - 

voice communications is seldom carried via geosynchronous satellites; 


Yet another kWueless telecommunications technology is the low earth or ?it (LEO) 
satellite' feystejmU LEOs are satellites that I communicate direcdy with! handheld 
telephones Ion ekrth. Because these sat elites are relatively low— le^s than 900 
miles^the^mqye across the sky- quite rapidly. ' . | : [ 

In aTji(j>:syi Jeii the communications equipment on a satellite actjsjmucji like the 


cell site pf simi- 
an eai 


to 


,ular system. It catches the call from earth and usually passes it 

switching system. Becaujse 6f the speed of the satellite,! iips 

frfequenffly riejcessaiy to hand off a particular call to a second satellite jpSt rising 
over trid&oSnaoiL This is akin to a cellular system, except that in tliijs ca? ,e it is tfre 
cell sitethat isinoving rather than the subscriber. [ | 

!i II * Ij : 1; ■ ' r . 

Several systems; are now in the planning stage, and in fact many satellites have 
alread^-fee^n launched- The most noted is Iridium, created by Motorola - t - 1 - L * 
would upline sipkty-six satellites- A second system, called GlobalstA, wjp 
employ f any ^ight satellites. There are at lfeast two or three othersi that 
ad^npjejjd iji 1 erms of preparations to launch. ' - ■' 


which 
ild 
are wel 
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